Space and time are fundamental concepts in ontological studies. This research applies analytical methods to recognize time-scale of sensor applications in analyzing geographic data. Representations of time in this research are classified into 1) Time-interval, 2) Time-duration, 3) Time-point, and 4) Time-dimension. Time-scale refers the size of temporal intervals either built subjectively or objectively for measuring geographic processes or events. Three types of time scales were identified in sensor detections: 1) existence duration, 2) sensor observation duration, and 3) validity duration. The existence duration in time scale system represents the original factor of a geographic event, sensor observation duration designed by researchers is a 'tool' to search the validity duration, and validity duration quantifies a theory can be hold true only during a certain period and at a certain time scale interval. Two experimental researches of time scale sensitive sensor deployment were conducted; 1) Spatial and Temporal Changes of Parking Lot Land Use at SUNY -Buffalo State Applying a UAV Remote Sensor, and 2) Spatial Analysis of Distributions and Habitat Conditions of Fallopia japonica Invasive Species Applying UAV Remote Sensing. The major contribution of this research is to demonstrate geographic features and events occur and distribute at certain time durations. ARTICLE HISTORY
Introduction
Researchers in environmental sciences and geography often deploy sensors to collect data or values of factors in explaining what is happening or what happened in a geographic region. Implementations of spatial scale that is related spatial analysis of the sensor data are essential. Geographic events or processes are mainly illustrated by spatial scales or different levels of spatial resolutions. Time measures or time scales of geographic events or processes are normally overlooked or underillustrated in the researches and studies although spatio-temporal analysis, event-driven GIS, and dynamic modelling and simulation have been emphasized for a long time. This study attempts to utilize ontological methods to identify and implement the time scale of durations of geographic processes and events. In this research, we follow the understanding of the concept that geographic events and geographic processes are interchangeable (Worboys 2005) , although some researches (Devarajua, Kuhnb, and Renschler 2015) identified the major difference of these two is the clear temporal boundary of termination of an event.
Real world experiments and examples are presented with time sensitive sensor deployments in order to demonstrate the significant impacts of the results based on different time intervals and durations. The major contribution of this research is to demonstrate geographic features and events only occur and distribute at a certain time duration. It is significant to measure and analyze the spatial distribution of geographic features or events at different time-points and during different time-intervals to understand 'what is happening?' or 'what is going to happen?'.
Space and time are basic categories of ontological studies. The fundamental assumptions in ontology of existence are things, properties, and relations (Baumann, Loebea, and Herre 2014; Tegtmeier 2009 ) Changes of things, and their properties and relations in a space-time domain produce events or processes, or which are called geographic events or processes in the studies of geography (Llavesa and Kuhn 2014; Devarajua, Kuhnb, and Renschler 2015) . Romero (2013) argued that there are no physical singularities in space and time. The research indicated that the time and space should be measured or sensed separately although the things and events can be modeled in a singular space and time reference system. Seddon and Srinivasan (2014) indicated that the urgent needs of researches for the challenges of aggregating socioeconomic information by different temporal and spatial scales to extract the meaning from the data collected.
In this research, we conducted a couple of experiments of sensor deployment in capturing the time sensitive geographic events. This study proposes the concept of time scale in sensing the geographic events or processes. It is realized that both spatial scale and time scale are important for researchers to analyze the spatial data in answering the questions of what is happening, or what has happened?
Interpretations of time and temporal semantics in ontology
Time concept in ontology is generally illustrated as a continuum of determinations of things and no separate thing (Brentano, 1974; Tegtmeier 2009 ). Petnga and Austin (2013) summarized four representations of time among various ontological properties proposed (Hayes 1994; Gruber 1994) . We adopt and modify this four representation models of time (Petnga and Austin 2013) .
(1) Time-interval: periods of time located on the temporal continuum (or time-plenum) that serve as the base or units of the temporal theory (2) Time-duration: certain amount of time that can be compared and are distinctive from the length of the time interval are used to define the existence.
(3) Time-point: a position in temporal coordinate system which has no duration and is useful in locating event on the time-plenum. This notion of a 'point' on time scale supports the temporal theory. (4) Time-dimension: time is considered a physical dimension such as length or mass, with unit and physical properties. In geographic information studies, time value -T is another dimension like spatial dimensions of X, Y, and Z.
In this research, we mainly analyze these four properties in the context of geographic event or process. The basic argument is everything occurs somewhere and at some time. Or, in other words, a geographic event happens at a certain location or locations and at certain time (point) or a time interval (period). In this research, we use the terminology 'time interval' and 'time period' interchangeably. If spatial locations and distributions of geographic objects (things) or events are measured, represented, presented, or mapped by different spatial scales, the temporal locations (timepoint) and distributions of geographic objects or events should be able to be measured, represented or presented by various time scales. 'What are happening or happened across the space?' and 'what are happening or happened during a time period or time interval?' are different questions for addressing different geographic events or processes and their outcomes. Therefore, not only time and space are separate axioms or existences in the ontological studies, but also time and space are totally different entities.
However, it is very interesting although time and space are different existences, and each has its own unique characteristics, they cannot be separated in any type of sensor measurements of the geographic objects or events. Researchers either ignore the time dimension in analyzing or reporting their studies but focus on the spatial dimensions. Or, in some cases, they illustrate what is happening or happened using right spatial dimensions or scale, but wrong time scale. Various time scale and spatial scale combinations exist in our natural and social worlds. Therefore, this research argues that the appropriate time scale is needed in combination with spatial scale in designing of sensor measurement in order to find the accurate reasoning of what is happening or what happened?
Concepts of spatial scale and spatial reasoning revisited
Applications of geographic information technology worldwide increased the significance of understanding and analyzing the meaning of spatial scale. When spatial datasets that were created with different details and origins to be combined or comprehended in the digital geographic information handling environment, the issues of scale differences and compatibilities are obviously significant for the meaningful analytical results.
Spatial scale is a fundamental concept in earth surface related science and social science studies. According the research of Zhang, Atkinson, and Goodchild (2014) , various definitions of scale concept were developed over years. These can be classified into geographic scale, operational scale, measurement scale, and cartographic scale. Geographic scale or observational scale is referred as the spatial size or area of a particular study (Lam and Quattrochi 1992; Atkinson and Curran 1997; Lawrence and Chase 2010) . Operational scale is also called process scale (Wu and Li 2006; ), which depict the extent of a particular geographic process or event. Measurement scale is also called the resolution or spatial resolution, which is tied to the sensors or remote sensors (Tobler 1988; Lam et al. 2004; ). Zhang, Atkinson, and Goodchild (2014) indicated that only cartographic scale is defined quantitatively as the ratio of distance measurements between that on a map and on the ground. Geographic rules are large-scale map covers small area, and small-scale map covers large area. 2014 (2014) emphasized the importance of temporal extent of operational or process scale and they indicated that the process scale determination of a geographic phenomenon or a group of phenomena is a critical important step that would impact fundamentally both geographic and measurement scales. However, these researchers failed to identify the independence of spatial dimension and time dimension in geographic processes or events. Therefore, the spatial scale and temporal scale of sensing or measurements of geographic processes or events were blurred in the research.
Time scale-based reasoning of geographic processes or events
In this research, we understand time and space are two different quantificational dimensions or existences of geographic objects or phenomena, and geographic processes or events. Time is independent to the space although researchers always analyze objects and processes with both space-time concerns. In essence, time genetically warrant its own independent measuring units, such as seconds, minutes, and hours, that are independent to distance or dimensional measuring units. According Zaheer, Albert, and Zaheer (1999) , different than spatial scale, 'time scale' refers the size of temporal intervals either built subjectively or objectively for measuring or testing theory of a process, pattern, phenomenon, or event. Time scale carries two properties: 1) time scales partition or differentiate the temporal continuum into units of different sizes, and 2) time scale can be applied both in natural and human made environments. Bittner, Donnelly, and Smith (2006) studied the spatio-temporal ontology for geographic information integration. This research identified that the geographic entities and relationships are both at the spatial extent and the temporal extent. It is indicated that one entity, such as a blood cell could exist inside a larger entity, such as human body in a period of time (for instance yesterday) but may not exist at all afterward. Llavesa and Kuhn (2014) proposed an event abstraction layer to integrate the geosensor data. In the ontological reasoning part, the research identified the two fundamental components: Spaceregion, and Time-interval. Based on these components, the spatial-temporal model of sensor abstraction layer was constructed. Carroll et al. (2007) studied the evolutionary time scale in ecology. The researchers recognized that significant changes of ecological evolution of animal or plant species take places during a period of time. Some species occur within 10 generations or less. Others may take much longer time periods. They concluded that evolution of plant and animal species are occurring at different time intervals or time scales. Researchers (Ma et al. 2012; Ma and Fox 2013; Cox and Richard 2015) in earth sciences also studied the ontology of geological time scale. As an essential part of the Semantic Web applications of geoscience data in computer environment, ontological models of geological time scales were proposed. Lemke (2000) recognized that different time scales exist in both natural systems and social systems. The researcher argued (Lemke 2000) that the classic scientific theories made by the assumption mainly or solely on distance scales, Examples are that molecules are understood in terms of interactions of atoms, atoms through interactions of smaller particles; and ecosystems are modeled as interactions among species and abiotic elements. However, the 'spatial' or 'spatial spherical" view and reasoning of complex systems on the earth's surface does not lead us to the accurate illustrations. The spatial hierarchy model ignores the important role of network topologies of interactions (Lemke 2000) . This makes the researchers interpret phenomena and processes 'flat' at a higherscale level, or at dynamic settings. Lemke (2000) indicated that things are happening or will happen in a dynamic complex system. The fundamental unit of analysis is a process of the existence, but the distance of existence. Therefore, every phenomena or process occurs on some time scale. Kuehn (2015) mathematically approved the notion of time scale. Kuehn (2015) indicated: 'We shall begin by studying ordinary differential equations (ODEs) in which some variables have derivatives of much larger magnitude than those of other variables. This scenario yields a system with different time scales.' The most straightforward method to model the things happening at different time scales is the separation of the magnitudes. Researchers (Wang and Agarwal 2014; Li and Li 2015) also demonstrated mathematically the possible periodical repetitions and functions of time scale.
In this research, we propose a modified time-scale model based on the previous studies of Zaheer, Albert, and Zaheer (1999) , Tegtmeier (2009) , Petnga and Austin (2013) . Since time dimension can be illustrated as point mode and duration mode, geographic phenomena change, or geographic processes or events occur in different time-point and have different time-durations.
The duration of what is happening or what happened can be sensed or measured at a particular time-point or at different levels of time-durations. Time-interval in this research refers the standard time grading periods, such as second, minute, or hour, which the time duration can be quantified. The concept of time-point in this study of sensor ontology might be explained as deploying the sensor at the right place and right time. The general quantification measure to the time-point is the early-late phenomenon (Tegtmeier 2009 ). If the sensor is deployed earlier or later than the time-point, it may not be able to detect what is happening on a geographic process. Time-duration by contrast can be quantified by standard time-interval units, such as minutes, hours, or mornings or afternoons (Figure 1 ). In the context of sensor detections in a research process, we conceptualize three types of time scale, namely 1) existence duration, 2) sensor observation duration, and 3) validity duration.
Theoretically speaking, existence duration is the basic type of time scale that the length of time is required for one instance of existence for a geographic phenomenon, or a geographic process or event. Existence duration of a geographic phenomenon or a geographic process genetically determined by its own properties. Some processes are very fast, such as earthquake incidents. Others are very slow, such as soil erosions in a flat farm field. Many researches (Zaheer, Albert, and Zaheer 1999; Lemke 2000; Bittner, Donnelly, and Smith 2006; Carroll et al. 2007; Petnga and Austin 2013; Wang and Agarwal 2014; Li and Li 2015; Kuehn 2015 ) also demonstrated cyclic repetitions or a frequency of existence duration of a geographic phenomenon or a geographic process. In contrast, sensor observation duration is based on the design of researchers in capturing a geographic phenomenon or a geographic process. It is a representation of engagement of the researchers on the geographic phenomenon or geographic process they study. In order to achieve the accurate summary, the researchers may well have to monitor longer time period than a single existence duration of a geographic phenomenon or a geographic process, and to observe at different time scales. Validity duration of a theory (summary) is the duration that defines the time scale over which the theory holds. Validity duration could equal to existence duration or typically occupies multiple instances of the existence duration. Although researchers may comprehend the existence duration as the original factor for developing time-scale system, sensor observation duration designed by researchers is a 'tool' in time-scale system to search the validity duration of a theory summarized by human researchers. Validity duration quantifies a theory can be hold true only during a certain period and at a certain time-scale level. Explorations of behaviours of geographic phenomena or geographic processes at different time scales might be able to lead us in refining the current theories or developing new theories.
Interactions of space and timesingular space and time modelling experiment of geographic events
Researchers (Grenon and Smith 2004; Beard and Neville 2011; Romero 2013) identified that time and space are two different systems in measuring or sensing the phenomena and processes. A great amount of science or social science researches have been published using variety of spatial scales or applying methods of spatial-temporal dynamic modelling or time series. However, few of researches were published to address the changes on temporal patterns of geographic phenomena or geographic processes at different levels of time scale. Separation of space and time concerns and measurements drastically increases the relationship spheres between spatial and time scales for the researchers to analyze in order to achieve more accurate or 'truthful' results. What are the processes or changes of geographic phenomena that occupies small spatial scale and large geographic extent but occurs in a very brief time scale, saying to be counted by seconds? What are the processes or changes of geographic phenomena that occupies large spatial scale in a small geographic region but during a very long-time duration saying 100 years?
In this research, we present a couple of examples or experiments of sensing and analyzing time sensitive geographic events or processes. The first experiment is to apply a UAV or drone-based sensor to detect brief time duration and large spatial scale changes of parking lot land use during hourly time intervals. This experiment shows that the influential temporal scales of hourly time duration is the key to understand the spatial pattern changes of land use at this type of large spatial scale researches. The second experiment is to apply the UAVbased sensors to investigate the changes of individual number and distribution patch of invasive species by seasonal and annual time intervals. Repetition of this experiment on a seasonal base will yield evidence to verify if the plant species gain a successful invasion or it is diminishing in the study area.
1). Application 1: spatial and temporal changes of parking lot land use at SUNY -Buffalo State applying a UAV remote sensor
Shortage of on-campus parking space is a common and urgent problem at the US universities. For the campuses that are located in the suburban or rural area, building more parking lots would be an effective solution. However, for the campuses that are in the urban area, optimizing the existing conditions is more important. Analyzing the temporal and spatial pattern of parking environment can help the university administrations to effectively utilize both classroom and parking lot resources and better manage the student flow during a school day. The objectives of current research are: (1) applying unmanned helicopter remote sensing to collect imagery data of land use changes of parking lots based on hourly time scale during a school day; and (2) analyzing the relationships of spatial and temporal changes of parking lot occupations and the class offering schedule during the regular school days.
The advantages of this approach are: (1) the true colour (RGB) image sensor can be deployed at any time-point the researchers would like to do, and the time-duration that the researchers like to conduct; and (2) aerial imaging applying an unmanned helicopter not only provides much lower cost than that of buying satellite images, but also provides time sensitive imagery data otherwise would not possible. These merits provide a huge convenience and can meet the requirements of short time period spatial-temporal dynamic researches (Kaneko at al., 2011) .
(A) Methods and approaches
This study focusses on the data acquisition work using remote controlled drones. A high resolution true colour (RGB) digital sensor is attached on the drone. Distribution of parking spots on campus at SUNY -Buffalo State is shown in the Table 1. The parking lots that open to the students are A-1，F，G，K，L-1，M，R， Y，Z. The distribution of the parking lots on campus is imbalanced between east and west parts. There are three student parking lots located at the southwestern side of the campus. These are G, a big lot; F, a mediumsized one; and K, a small one. Two parking lots, one large (M) and one medium-sized (L-1), are located at the west side of the campus. A big parking lot R is located at the northwest corner of the campus. Only one small parking lot Y is at the east side (Figure 2, 3, 4) .
In this university, the school days are divided into two groups based on the curriculum arrangement. All the classes are offered 2 or 3 times per week, and the same class would not be arranged in a row of 2 days during a week. That means all the classes either take place at Monday, Wednesday and Friday or at Tuesday and Thursday. The courses arranged in the morning would begin after 8 a.m. and end before the noon. The afternoon classes begin after 1 p.m. in general. Since students can use faculty and staff parking lots after 4: 30 p.m. by university policy, the parking situation in the evenings was not accounted in this study. All the buildings that have classrooms are shown in the following image map (Figure 2) . Two labelled buildings on this image map (Figure 2) contain large clusters of classrooms. The Classroom Building has many small teaching rooms ranging from 20 to 90 students. The Bulger Communication Center contains large classrooms that often have over 100 student capacities.
The sampling time of aerial survey and image data collections in this research were classified as following ( Table 2) .
The peak of the traffic flows in each of parking lot appears in 10 min before the classes begin. Therefore, data collection was chosen to start after the classes begin. The aerial survey time should be controlled in one and a half hour to avoid the time that the class finished. In the meantime, we choose two weeks in three periods, the beginning of the semester, midterm time, and the last two weeks of the semester to conduct the aerial surveys. In principle, in each period of the semester, at least one set of complete information would be collected within the morning or afternoon groups. The occupation rate of student parking lot during survey periods of the semester may be different. The original hypothesis in this study is that the students may be more actively attending the classes in the beginning and the end weeks during a semester. We expect that the parking lots occupation rates during the mid-term surveying period to be lower than the other two sampling periods. The statistic t-test was used to test the hypothesis in this study.
Some students prefer to take classes on Tuesdays and Thursdays. This way, they can utilize three weekdays to focus on some other tasks, such as to have a part-time job. Meanwhile, many faculty members would also like to teach the classes on Tuesdays and Thursdays as well. We hypothesize that the parking lot utilizations are more intense during Tuesdays and Thursdays, and this impact would cause the possible imbalance of temporal parking land utilization during a school week. We also hypothesize that most of the students prefer the afternoon classes, and competition of parking space in the afternoon hours is higher than that in the morning hours during a school day.
(B) Results and discussions
As the results of spatial distribution imbalance of the parking space on campus, significant occupational differences exist both temporally and spatially among student parking lots. The parking lots that closer to the buildings of the classrooms would encounter high competitions. In the meantime, those parking lots that are far away from the class offering buildings on campus as well as those have poor public safety issues would be less interested. Occupation rates of different student parking lots on campus are classified in Figure 5 . The category 'A' includes those have moderate walking distance to the class offering buildings. These are parking lot F, L, and R, and the average occupation rate during a school day is around 0.5 or 50%. Category 'B' parking lots are those having lowest occupation rate and longest walking distance to the class offering buildings. These are parking lot G, K, and M. The characteristics of these parking lots are: 1) they are all located on the far west side of the campus; and 2) they are larger than those parking lots on the east side of the campus. In particular, students parked in the M lot need to cross a major public street (Grant Street) to walk to the buildings offering classes. Y parking lot is classified into the category 'C' with highest occupation rate of almost 1.0 or 100% during a school day. Lot Y is the only student parking lot in the east part of the campus closing to most class offering buildings.
In combination of the distribution of class offering at different buildings according the university published class scheduling database and the occupation rates of the student parking lots, we applied ArcGIS to construct digital maps of spatial and temporal occupations of oncampus parking ( Figure 6 ). In this way, we would be able to visualize the distribution of class offering and parking lot occupation rates both by geographic locations and by time periods during a school day. The spatial and temporal relations of class offering locations and the student parking lot occupations are shown in the Figure 6 . The symbols of parking lot utilization range from the blue as the lowest to red as the highest. By contrast, the class offering intensity in a building is symbolized from the light yellow as the lowest to the dark brown as the highest at the same time period. The highest utilization rates of both student parking lots and classrooms occur in the time period of Tuesday and Thursday afternoons. During this time, a large number of classes are offered in the Classroom Building, the Bulger Communication Center, and the Rockwell Hall. The student parking lots Y, F, and L are either overflowed or reach its capacity (in red colour). The lowest occupation rate of the parking lots is higher than 60%. By contrast, less competition of student parking spaces during the other three time periods, namely Monday, Wednesday, and Friday morning and afternoon, and Tuesday and Thursday morning. Two major characteristics exist across the four modelling time periods. These are: 1) Parking lot Y that is located in the east part of the campus and close to class offering buildings is always full no matter how which time period; and 2) large student parking lots that are located at west part of the campus, such as M and G lots, are always among the lowest occupation rate during the school days.
Reading the spatial and temporal models ( Figure 6 ), we recognize that most of the classes are scheduled in the buildings at the east part of the campus, while most student parking space is distributed in the west part of the campus. If a student parks his or her car in the parking lot M, he or she may need to walk roughly 10 to 15 min to reach the buildings in the east part of campus where most classes take place.
In summary, the results of this study indicate:
(1) The shortage of the parking spots on campus is not caused by the shortage of land area developed for parking. The major reason is imbalance of utilization of parking lots both temporally and spatially.
(2) The temporal imbalance of the parking situation is mainly caused by the preferred class time period choice of students. The administration of the university can modify this situation by changing class scheduling policy and arrangement.
(3) The spatial imbalance of the parking situation is mainly caused by the unreasonable distribution of the parking lots on the campus. Under the current condition, the university administration can implement the policy of differentiate student parking fees or implement a real time on campus parking monitoring and broadcasting system to improve the parking lot land utilization efficiency and save student commuting time to classes.
The straightforward solution of the imbalance of parking space on campus is to construct more parking lots at the east part of the campus. In addition to physically increase the land area of parking space, several suggestions are proposed based on the results of this study.
(1) Establish a differential parking fee system based on the parking lot locations For instance, those students would like to park at the lot Y providing the space available should pay a higher parking fee in current situations. Students holding a regular parking permit can park in any student parking lot except Y lot.
(2) Set up a campus wide monitoring system to forecast the real-time parking situation to driving in students
In order to keep the students informed for parking situations, a monitoring and broadcasting system on campus is necessary. Developing an App for smart phone could be an aspect for attempting. If the information of the situation in each parking lots can be sent to the students through smart phone, students can decide where to go before they arrive at campus.
(3) Build multistory parking garages on the east part of the campus.
In this way, the number of the parking spaces will be doubled or tripled with same land area. For example, parking lot Y is a suitable location to build a multistory parking garage according the results of this study.
The overall summary statistics of on campus parking lot occupation rate that is presented in Figure 5 shows the developed spatial distribution pattern of parking lot land use in hourly time durations.
Without the hourly time duration experiment design, we would not be able to achieve the results of this research. The limitation of current results is that the sensor observation frequency was reduced in the early design of the field experiment in order to reduce the human labour. Therefore, the detailed hourly land use occupation changes were not bing able to be summarized.
2) Application 2: spatial analysis of distributions and habitat conditions of Fallopia japonica (Japanese Knotweed) invasive species applying unmanned helicopter remote sensing Japanese knotweed is an herbaceous perennial plant species native to East Asia in China and Japan. As World Conservation Union (WCU) listed, it is one of the world's worst invasive species. New York State Department of Environmental Conservation (NYS-DEC), in collaboration with the Cornell University, established the iMap Invasive website for crowdsourcing the reports of invasive species by local people, in particular those people doing recreation activities. However, the iMap Invasive internet-based sensor system and its database do not record the time, intensity, and distribution of invasions. iMap Invasive does not verify the growing situation of invasive species as well (Figure 7) .
The objectives of this study are: 1) to locate and verify the major distributions of the Fatsia japonica (Japanese knotweed) in Erie County, New York; 2) to measure the current invasion area of F. japonica (Japanese knotweed) and compare the changes with previous seasonal or annual observations; and 3) to analyze the habitat conditions of the F. japonica (Japanese knotweed) invasive species in a three-dimensional (3D) environment.
(A) Methods and approaches
Aerial images, temperature data, and relative humidity (RH) data were collected in-situ using an unmanned helicopter or UAV with on-board sensors. HOBO meteorological data logger or sensor was utilized to collect temperature and RH data (Figure 8 ) with a true colour imagery sensor. The images ( Figure 9 ) and attribute data of the micro-climate conditions were collected with both time and location stamps.
(B) Results and discussions
Invasion sites of Japanese Knotweed reported were verified using the drone platform image sensor and only three sites reported previously one year ago were not found at the surveying time. Most of the F. japonica are located in the 200-m buffer area around Lake Erie. Only four out of 20 detected sites of invasion were located outside the 1,000-m buffer zone from the lake.
Since the measured temperature and RH at different sampling days vary, the temperatures and RH at different altitudes were subtracted from ground surface temperatures simultaneously to normalize the values in the measured datasets.
Each of the vertical profiles of temperature and RH was sampled in the field across the study area. Spatial interpolation method of Universal Kriging was applied to interpret distributions of temperature and RH at different elevation levels from the ground to 14 m above with 2-m intervals. Geographic Weighted Regression (GWR) was applied to interpolate the Figure 7 . The reported sites of Japanese knotweed on iMap -Invasive species webpage. Figure 8 . HOBO weather data logger.
impact of habitat conditions of temperature and RH on the patch size of invasive species in the study area (Fotheringham, Brunsdon, and Charlton 2002) . The results of GWR analysis indicate that the impact of temperature slopes by altitude to the growing of the invasive species is spatially significant, while the impact of RH is not spatially significant. RH shows no clear spatial patterns as the altitude increases from ground level to 14 m above the ground. However, it does show the horizontal changes from the Lake Erie shore to the inland areas ( Figure 10 ).
The temperature shows decrease as the altitude increases within 14 m from the ground. However, it does not follow the normal lapse rate (0.64 ºC per 100 m, Figure 11 ).
The statistical test of sensor detecting reults indicated that the shading situation of F. japonica's growing area does have a correlation with the growing area of F. japonica. The places without the shadow or canopy cover by another plant can provide a better condition for the F. japonica to grow. In contrast, the total number of the shadowed places that are growing F. japonica is relatively small. The average area of those growing places is significantly lower than the places with plenty of sunshine (Sharma, Kajiwara, and Honda, 2013) .
The result of the spatial and temporal analysis indicates that the RH changes in the boundary layer do not show significant impacts to the growing conditions of the invasive plants. The temperature changes, by contrast, show a significant coefficient with the growing situation of the plants on both changes of temperature slope and the specific temperature at each of the elevation levels. This experiment demonstrated quantitative changes of spatial distribution patterns of invasive species during seasonal or annual time period (or duration) otherwise would not be quantifiable. Statistical analysis of the favourable habitat conditions of the F. japonica invasive species was also conducted. 
Discussions and conclusion
Both spatial and time scales are significant in sensor data collecting, analyzing, and geographic event modelling. Geographic processes or events are both spatial and time dependent. Geographic processes or events may behave differently not only at different spatial scales, but also at different time scales. Therefore, time-scale issues should be considered from data collections, data analyses, data modelling, to data presentations. Applications of both in-situ sensors and internet or crowdsourcing sensors must consider the time-scale issues and time sensitive issues. Two experiments in this research demonstrate that 1) capture of brief time-scale data is significant in studying the geographic events to understand what is happening; 2) time sensitive sensor building is not only very useful to identify event locations, but also important to enhance and validate event descriptions otherwise would not be possible; 3) It is significant for geographic information studies to capture and analyze both spatial patterns and processes at different scale of time durations or at concurrent time point.
Time-scale sensitive sensor development and applications both in-situ and at online websites are very useful and important for understanding the processes happening at current time or is going to happen soon. A few examples of significant applications are earthquake prediction, traffic and travelling route condition broadcasting and planning, and forecasting and analyzing the spread of infectious diseases. More researches are needed to be conducted on geographic processes and events of brief duration time scale and at various spatial scale levels. More strategies and methods are needed in geographic information researches in capturing and modelling the time sensitive geographic events.
